. Aqueous extracts of black elderberry Sambucus nigra significantly reduced numbers of flea beetles Phyllotreta spp., eggs of Pieris rapae and P. brassicae, and larvae and pupae of Plutella xylostella on the cabbage. The aqueous extract of Alnus glutinosa was less effective. Parasitoids had the greatest impact on reducing numbers of diamondback moth: the dominant species was Diadegma fenestralis. The smallest number of parasitoids was reared from pupae collected from plots where the cabbages had been sprayed with the Sambucus nigra extract.
INTRODUCTION
White cabbage is one of the economically most important vegetables in Poland. During their growth, cabbage crops are attacked by a large number of insect pests (SZWEJDA 2004 , including a number of lepidopteran species. The most serious
MATERIALS AND METHODS
The research was carried out at an organic farm in Roczyny near Andrychów (in 2008) and at the Experimental Station of the Plant Protection Department of the University of Agriculture in Mydlniki near Kraków (in 2009) on typical brown soil (III a). Two white cabbage cultivars were tested in the experiment: 'Kamienna Głowa' in 2008 and 'Amager' in 2009 . The experimental combinations were as follows: A -unsprayed cabbage (control), B -cabbage sprayed with Alnus glutinosa extract, C -cabbage sprayed with Sambucus nigra extract. On each plot (12 m 2 -6 m long x 2 m wide) 75 plants were transplanted at a spacing of 40 x 50 cm in late May. No chemical treatments were applied on any of the plots and weeds were removed mechanically. To prepare the extracts, young, healthy leaves were harvested from alder/elderberry trees growing in their natural habitats and then dried in a ventilated room without access to sunlight. The extracts were made by steeping 50 g of ground, dried leaves in 100 ml water for 24 hours (WAWRZYNIAK 1996a) and thereafter filtering through muslin. Plants were sprayed once a week in the evening. Fifteen plants growing in the central part of each plot (3 replicates of 5 plants each) were selected for analysis and marked. The analyses were carried out once a week, 1-2 days after spraying. Each time, the numbers of flea beetles, eggs and larvae of the small and large white butterflies, the cabbage moth and DBM larvae/pupae were counted on the plants. The DBM pupae were stored separately in glass vials in the laboratory until either parasitoids or moths emerged. The emerged parasitoid adults were identified to species level based on the key by MICZULSKI (2007) and the 'key to determining the parasitoids reared from caterpillars and pupae of the diamondback moth' by KAŁMUK (2004) . The Duncan multiple test (α = 0.05) was used for the statistical workup of the results.
RESULTS
During the study two flea beetle species -Phyllotreta nemorum LINANEUS, 1758 and P. atra (FABRICIUS, 1775) -were identified; the former was dominant. In both years there were fewer beetles on sprayed than on unsprayed cabbage, but the difference in both years was significant only in the case of the Sambucus nigra extract (Table 1) . Moreover, the efficacy of treatment differed depending on the extract: spraying cabbage with Alnus glutinosa and Sambucus nigra extracts reduced beetle numbers by 15.7% and 53.9% respectively in 2008 and by 41.8% and 78% respectively in 2009 (Table 2) . In 2008-2009 eggs and caterpillars of some lepidopteran pests -small white butterfly, large white butterfly, cabbage moth and diamondback moth -were observed on cabbage leaves. Fewer eggs were laid by Pieris rapae and P. brassicae on the treated plants, but the Sambucus nigra extract proved to be more effective in this respect (Tables 1, 2 ). Spraying had no significant effect on oviposition by the cabbage moth (Table 1 ).
In the case of DBM only the Sambucus nigra extract reduced its numbers to a significant extent. On plants treated with this extract, there were significantly fewer DMB larvae and pupae than on the control plots and the plots treated with Alnus glutinosa extracts ( Table 1 ). Parasitoids had the greatest impact on reducing DBM numbers. The results of rearing pupae of this pest are shown in Table 3 . Total parasitization of DBM varied from 60 to 72%, depending on the experimental combination (Table 4) . 54 specimens of parasitic wasps belonging to 6 species from the families Ichneumonidae (3 species), Braconidae (2 species) and Pteromalidae (1 species) emerged from the collected DBM pupae. The species composition and numbers of parasitoids are listed in Table 3 and 4. The most abundant of the DBM parasitoid species was Diadegma fenestralis (HOLMGREN, 1860). (70.4% of all the wasps reared). The next most numerous parasitoid (14.8%) was Diadromus collaris (GRAVENHORST, 1829) ( Table 3 ). The smallest number of parasitoids was reared from pupae collected from the plot where the cabbages were sprayed with the Sambucus nigra extract (Table 4) . The mean numbers identified in the rows with the same letters do not differ significantly (α = 0.05).
DISCUSSION
Adults of Phyllotreta CHEVROLAT, 1836 beetles chew out small circular holes or pits in the leaf tissue and may cause plant stunting or death when they occur in large numbers on young plants, although they usually do not cause economic damage on older plants. The stimulant for feeding behaviour in cabbage flea beetles is allyl isothiocyanate (BENEDEK et al. 2005 , TÓTH et al. 2007 ). TAHVANAINEN & ROOT (1972) used the highly odorous ragweed (Ambrosia artemisifolia L.) to repel the flea beetle Phyllotreta cruciferae (GOEZE, 1777) from a collard crop. PALANISWAMY & WIZE (1994) noted that a neem extract significantly reduced the numbers and feeding activity of crucifer flea beetles. In previous studies, JANKOWSKA (2008) Botanical insecticides can influence the behaviour and development of herbivorous insects searching a plant for a suitable oviposition site. Host specificity in oligophagous herbivorous insects is due to gravid females showing discrimination in their choice of plant on which to oviposit. Female lepidopterans perform exploratory runs over the leaves of potential host plants and, when stimulated, lay their eggs on the leaves. Lepidopteran pests of Brassicaceae, like Plutella xylostella and Pieris spp. use glucosinolates as oviposition stimulants ( VAN LOON et al. 1992 , PIVNICK et al. 1994 , 1999 , FAHEY et al. 2001 , HAMILTON et al 2005 . Moreover, SHU-SHENG et al. (2005) highlight the fact that the acceptance or rejection of a particular plant by females is regulated not only by the presence or absence of oviposition stimulants, but by negative stimuli evoked by co-occurring deterrents. In the behavioural control of pest insects, chemicals derived from non-host plants applied to crops are expected to repel searching adults and thereby reduce egg laying. The spraying of cabbage with the extracts of other plants, may also mask their proper scent and can make it difficult for pests to find them.
Extracts of Sambucus nigra proved to be the most effective at repelling searching adults, and thus reducing oviposition. Most parts of S. nigra, but particularly the leaves, are thought to contain various cyanogenic glycosides and to be somewhat toxic (ATKINSON & ATKINSON 2002) . WASINA (1987) stated that an alder extract was effective in reducing Lymantria dispar (LINNAEUS, 1758) caterpillars feeding on oak leaves; our research, however, showed that the efficacy of the aqueous Alnus glutinosa extract was worse. JANKOWSKA (2012) noted that spraying white cabbage with plant extracts (calendula, coriander, Chrysanthemum carinatum SCHOUSB.) significantly reduced the numbers of lepidopteran eggs laid on white cabbage, and that their use did not adversely affect the occurrence of beneficial insects. Also, her earlier studies had shown that spraying cabbage with extracts of Tagetes, Calendula L. and Euphorbia cyparissias could significantly reduce the numbers of eggs laid by Pieris rapae and could afford complete protection of plants against oviposition by P. brassicae and Mamestra brassicae (JANKOWSKA 2008 , JANKOWSKA & WILK 2011 . In a study of the aqueous extracts of 28 plants from the families Apiaceae, Polygonaceae, Rutaceae, Solanaceae and Asteraceae for their actions with respect to Pieris brassicae, WAWRZYNIAK (1996a) observed that in the field, such extracts of coriander and marigold protect the plant from eggs being laid on them and in the case of marigold also rendered unviable a large number of the eggs already present on the plant. In other studies WAWRZYNIAK (1994, 2000, 2009) showed that aqueous extracts of a great many plants protect cabbage plants in the field before egg deposition. These studies also showed that the use of extracts had no negative impact on the parasitoid Cotesia glomerata (LINNAEUS, 1758), the development of only a few of which was inhibited (WAWRZYNIAK 1996c (WAWRZYNIAK , 1997 . In the literature there is also information on the use of plant extracts to reduce the number of Plutella xylostella. (TABASHNIK 1985 (TABASHNIK , 1987 stated that the application of coumarin or rutin to cabbage leaves prevent P. xylostella and Pieris rapae from laying eggs on them. SHU-SHENG et al. (2005) noted that coating leaves with an extract of Chrysanthemum morifolium RAMAT. discouraged DBM females from laying eggs. CHARLESTON et al. (2005b) observed significantly fewer eggs on leaves treated with an extract of Melia azedarach L. DADANG & OHSAWA (2001) , using extracts of Alpinia galanga WILLD. and Gomphrena globose L., reduced the number of feeding caterpillars more effectively than with the use of the insecticide Decis 72 EC. DADANG et al. (2008) achieved better results using a mixture of plant extracts than with synthetic pyrethroids. JANKOWSKA (2008 , 2012 ) and JANKOWSKA & WILK (2011 , who sprayed cabbages with extracts of Tagetes, Calendula, Euphorbia cyparissias, coriander and Chrysanthemum carinatum, obtained a significant reduction in the numbers of Plutella xylostella.
The same signals that attract herbivorous insects are also attractive to predators and parasitoids (HARAMATHA & NAWROT 1985 , KARIMZAHED & WRIGHT 2008 . Parasitoids had the greatest impact on reducing the number of DBMs: the dominant species was Diadegma fenestralis (HOLMGREN, 1860) . In Poland, ŁAGOWSKA (1981) (2012) noted that the use of plant extracts did not adversely affect the occurrence of DMB parasitoids; indeed, some caterpillars preferentially fed on the extract-treated plants because they found them more attractive. SHU-SHENG et al. (2005 , 2006 to diccourage of DMB female from laying eggs on plants, sprayed them with extract of Chrysanthemum morifolium. Authors found out that DMB caterpillars feeding on the treated leaves were more attractive for parasitoid Cotesia plutellae (KURDJUMOV, 1912) . CHARLESTON et al. (200a) , who studied the effect of botanical insecticide derived from the syringa tree, Melia azedarach and the neem tree, Azadirachta indica A.JUSS. found that these preparations did not have a negative impact on DBM parasitoids (Diadromus collaris and Cotesia plutellae) and in the glasshouse a significantly higher proportion of Plutella xylostella were parasitised by Cotesia plutellae on plants treated with botanical pesticides than on the control plants.
Deterrent properties are important factors in pest control and the application of plant extracts did not adversely affect the occurrence of beneficial insects. Some of the parasites and predators occur naturally, so conservation of these existing natural enemies can be extremely important in suppressing pest populations. The results of this study indicate that botanical insecticides from Sambucus nigra have the potential to be incorporated into control programmes for cabbage pests. CONCLUSIONS 1. Aqueous extracts of black elderberry Sambucus nigra significantly reduced the number of flea beetles Phyllotreta spp, eggs of Pieris rapae and P. brassicae and larvae and pupae of Plutella xylostella on plants. 2. Spraying the extracts had no significant effect on oviposition by the cabbage moth Mamestra brassicae. 3. Parasitoids had the greatest impact on reducing the number of diamondback moths: the dominant species was Diadegma fenestralis.
4. The smallest number of parasitoids was reared from pupae collected from the plot where the cabbages had been sprayed with the Sambucus nigra extract.
